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In activated macrophages generation of NO by inducible NO synthase (iNOS) is critically dependent on extracellular arginine (2, 4, 5) , despite reports that activated cells contain high intracellular arginine levels (1, 6) .
-derivatized analogues of L-arginine are potent inhibitors of iNOS, and their rank order of potency has been attributed to different NOS isoforms and/or their differential rates of cellular uptake (7, 8) . In this context, we reported previously that N
methyl ester L-NAME inhibit transport of arginine into cultured porcine aortic endothelial cells via system y + (9) . Recent studies of radiolabelled L-NMMA and arginine uptake in porcine aortic endothelial cells have confirmed these findings (10 , whereas a neutral transporter insensitive to endotoxin mediates uptake of L-NNA, L-NAME and L-canavanine.
MATERIALS AND METHODS Materials
All reagents for cell culture except foetal calf serum (GlobePharm Laboratories Ltd) were from Gibco. 
Cell culture
The murine monocyte/macrophage cell line J774 was obtained from the European Collection of Animal Cell Cultures (ECACC, Wiltshire). J774 cells were maintained in continuous culture in Dulbecco's modified Eagles medium (DMEM) containing 0.4 mM Larginine and supplemented with 4 mM glutamine, penicillin (100 units ml -1 ), streptomycin (100 μg ml -1 ) and 10% foetal calf serum. Cells were harvested by gentle scraping and passaged every 3-6 days by dilution of a suspension of the cells 1:10 in fresh medium.
Measurement of unidirectional amino acid transport and nitrite production
J774 cells were plated in 96-well microtiter plates (10 5 cells per well) and allowed to adhere for 2 h. Medium was then replaced with either fresh DMEM or with DMEM containing LPS (1 μg ml Cell protein was determined using the BioRad reagent and radioactivity in formic acid digests of the cells was determined by liquid scintillation counting. Uptake was expressed in units of pmol μg protein -1 min -1
. Nitric oxide production was monitored by measuring nitrite accumulation in the culture medium using the Griess reaction (1-3,11) .
All values are mean ± S.E.M. of n replicate measurements in at least 3 separate experiments. Analysis was by Student's t-test and P < 0.05 was considered as statistically significant.
RESULTS
In a previous study we established that entry of arginine into J774 cells is mediated selectively via the y + transporter, whereas citrulline is taken up via a neutral carrier with broad substrate specificity (3). These two systems appear to be the major transporters mediating amino acid entry into J774 cells. Using L-[ ) (Fig. 2B) . A non-saturable component for NMMA transport was detectable at extracellular NMMA concentrations above 0.5 mM (data not shown).
In kinetic cross-inhibition studies of L-[ and citrulline (K i = 0.36 mM) caused a concentration dependent inhibition, whereas L-NMMA, L-NIO and arginine were poor inhibitors (Fig. 3A) . In contrast, L-[ . Such an inhibition of system y + by neutral amino acids in the presence of Na + is characteristic property of this cationic transporter (13) .
DISCUSSION
In a previous study we established that J774 cells transport citrulline and arginine via a neutral amino acid carrier and a cationic amino acid system y + , respectively (3). Moreover, we
showed that metabolism of citrulline to arginine in activated J774 macrophages could only sustain ~20 % of the maximal rate achieved with arginine, despite comparable or greater transport rates for citrulline.
We have now extended these studies and found that the potent inhibitors of iNOS, L-NMMA and L-NIO, are transported into J774 cells by system y + . This Na + -independent, highaffinity transporter mediates uptake of cationic amino acids in other cell types (13) . We found that three other inhibitors of iNOS, L-NNA, L-NAME and L-canavanine, were very poor substrates for system y + , entered J774 cells by a neutral transporter and were subject to marked inhibition by competitor neutral amino acids. This latter non-selective carrier resembles that identified in freshly isolated murine peritoneal macrophages (14) . Although a low-affinity cationic amino acid transporter (MCAT-2) has recently been identified in murine hepatocytes and the macrophage cell line RAW264.7, only 5-10% of the MCAT-2 transporter would be occupied by substrate at plasma amino acid concentrations (15, 16) . As the specificity of arginine transport appears to be similar in unstimulated and activated J774 cells (1-3) and peritoneal macrophages (14) , it is likely that LPS enhanced the activity of system y + in these cell types rather than inducing the MCAT-2 transporter.
Differences in the rank order potency of inhibitors of iNOS in J774 cells have been reported and McCall et al. (8) hypothesized that these differences may reflect uptake of NOS inhibitors by different transport systems. Our findings have confirmed this hypothesis and identified system y + as a potential target for inhibitors of iNOS. The selectivity of system y + for L-NMMA and L-NIO may be accounted for by their positively-charged guanido and amidino groups (pK a ~ 13) which renders them strongly basic (see review 12). In contrast, L-NNA and L-NAME have a pK a ~ 0 and would be neutral at physiological pH.
In conclusion, the selectivity of system y + for basic amino acids and its induction by LPS 
